The overall compaction rate of DNA molecules in mitotic chromosomes of dioecious Coccinia indica and Trichosanthes dioica has been measured in the present investigation. The data indicates that the average packing ratio differs significantly in relation to sex and the compaction rate is comparatively high in male plant of these dioecious species. Based on the estimates of this packing ratio, a theoretical proposition on the possible evolution of sex chromosomes in relation to dioecy has been explained.
The majority of the angiospermic plants are hermophrodite and only less than 4% plant species are dioecious in nature. The low frequency and scattered taxonomic distribution of dioecy and sex chromosomes suggest that co sexuality is the ancestral angiospermic state and sex chromosomes probably evolved quite recently (Charlesworth 2002) . Some dioecious plant species have distinct X and Y chromosomes while in some species no such chromosomal distinction has been recorded in relation to sex (Grant et al. 1994 , Matsunaga and Kawano 2001 , Westergaard 1958 .
The dioecious members of cucurbitacae shows widespread distribution in the north-eastern region of India and, in particular, in Tripura (Deb 1981) and thus provide excellent opportunities for sex chromosome study. Previously we reported that the rate of overall compaction of DNA molecule (Lewin 1994) i.e. the packing ratio of mitotic chromosomes of the sex forms of some dioecious cucurbits significantly differs and that the karyotype of the sex forms of dioecious cucurbits can be explained in terms of average packing ratio (Sinha et al. 1996 , Guha et al. 2004 ). Now it is to be ascertained whether this differential compaction rate of DNA molecule of the sex forms could be correlated with the evolution of sex chromosomes in dioecious cucurbits. The present study deals with the estimates of average packing ratio (APR) of Coccinia indica and Trichosanthes dioica in relation to dioecy.
Materials and methods
Somatic chromosomes of the sex forms of Coccinia indica Wight and Arn and Trichosanthes dioica Roxb. were prepared following modified aceto-orcein staining technique (Sinha et al. 1996) . For estimation of 4C nuclear DNA content young root tips were fixed in acetic-ethanol mixture 1 : 3, hydrolysed in 1 N HCl for 15 min at 60°C, washed with distilled water and stained with Feulgen solution for 1-2 h followed by squashing in 45% acetic acid. Cytophotometric analysis was done using a Leitz Wetzlar Aristophot with microspectrometer and the single wave length method was followed (Sharma and Sharma 1980) . Estimation was done on 10 metaphase plates per root tip and 5 root tips for each sample were used.
The relative arbitrary units of absorbance were converted to picograms (pgs) using 4C nuclear value for Allium cepa L. as a standard (Van't Hof 1965) . Average packing ratio of DNA was calculated by the following formula (Sinha et al. 1996) .
4C DNA content/cell (pgs)ϫ0.965ϫ10 9 ϫ3.4 (mm) APR ϭ 2ϫtotal chromosome length at metaphase/cellϫ10 4 (um)
Results
The somatic chromosome number of each sex form of dioecious C. indica and T. dioica was found to be 2nϭ24 and 22 respectively. 4C nuclear DNA content of the sex forms of C. indica shows marked variation and the amount is comparatively high in male plant. But no significant variation was recorded in T. dioica, as the amount of 4C nuclear DNA of male and female sex is 11.05Ϯ0.14 pgs and 10.87Ϯ0.11 pgs respectively. The average packing ratio of the sex forms of 2 dioecious species was calculated and it was noted that the ratio was comparatively high in the male sex of each species (Table 1) .
Discussion
The presence of a distinct heteromorphic pair of sex chromosomes in male Coccinia indica suggests that diploid males are heterogametic with 22ϩXY ( Fig. 1a ) and the female are homogametic with 22ϩXX (Fig. 1b) . The male determining Y chromosome is conspicuously large and is nearly 3-4 times larger than majority of the chromosomes present in somatic chromosome complements of male and female plants. The somatic chromosome number of each sex form of T. dioica was recorded as 2nϭ22 ( Figs. 2a, b) without having any visibly different sex Chromosomes. The 4C nuclear DNA content of the sex forms of C. indica reveals a marked variation and the increase in amount of DNA is associated with a corresponding increase in chromosome length. On the other hand, 4C nuclear DNA content in relation to sex does not differ much in T. dioica and the apparent increase in chromosome length is not associated with corresponding increase in the amount of DNA. But the average packing ratio of mitotic chromosomes of the sex forms of C. indica and T. dioica significantly differs (p<0.005) and the ratio is comparatively high in male sex. Thus the relationship between the amount of DNA and the total chromosome length in presence or absence of any direct association can be explained in terms of average packing ratio (Guha et al. 2004) . We represent this diversity by plotting the average packing ratio against the total chromosome length (Figs. 1c, 2c) . The perpendicular distance from the origin indicates that, in comparison to the female sexes, chromosomal rearrangements in male sex forms were built up in later stages of evolution. Nevertheless the packing ratio is extensively high in these taxa, at least 4-6 times greater than human chromosomes but such degree of compaction is not uncommon in plants.
The question that might arise is why there is a difference in overall compaction of DNA molecule in relation to sex? From the theoretical point of view a higher degree of packing in male plants indicates a greater level of condensation. A greater condensation level imparts heterochromatic property i.e. inactivation of chromatin to a certain extent (Llyod 1974) . It is to be noted that in dioecious plants like Coccinia indica and Silene latifolia, we find distinct X and Y chromosomes where Y chromosome is much more larger than X chromosome (Costich et al. 1991, Kumar and Vishveshwaraih 1952) , a differential degree of condensation (Guha et al. 2004 ) and the heteromorphic bivalent where homology exists only between the tips of X and Y chromosomes (Lardon et al. 1999 , Parker 1990 ). However, considering the constitutive functioning of the genome of the sex forms of T. dioica a significant variation in the compaction rate of DNA molecule is not expected. Therefore the present data obtained can be explained only if there is a major inactivation of certain chromosome segments in male plant of T. dioica. In the light of this knowledge it can be presumed that, may be, in male sex a particular chromosome has got Y chromosome like activity and in such a case a differential compaction is not unlikely. Hence, in course of evolution, possibly in this type of dioecious plant the loss of certain segments of Y chromosome and its subsequent rearrangement leads to cessation of structural difference as X and Y chromosomes while retaining the distinction at functional level to maintain their sex specific phenotype. The fidelity of this theoretical proposition is well documented in dioecious Cannabis sativa in which DNA marker linked to male sex has been identified though there is no distinction between sexes at chromosomal level (Mandolino et al. 1999 Figs. 1c, 2c . Average packing ratio plotted against total chromosome length shows a greater diversity in the organization of mitotic chromosomes in male plants.
